substances often use others, many public health interventions aimed at university students address multiple substances simultaneously. [8] [9] [10] [11] These interventions often target specific types of individuals, such as white male fraternity students, who are at higher risk for substance use in general. [11] [12] [13] However, it is also the case that many individuals use 1 of these substances but not the others. 4, [14] [15] [16] [17] [18] For example, over the past decade, tobacco use has differentiated into different forms, each of which draws a distinct set of users. Whereas cigarette use has recently declined, 19 ,20 smoking tobacco with a hookah (waterpipe, narghile, or shisha-pipe) is an emerging trend among college students, and as many as 50% of hookah smokers do not smoke cigarettes. [21] [22] [23] Although users perceive hookah smoking to be safer than cigarette smoking, it is estimated that a single hookah tobacco session delivers 100 times the smoke volume, 24 40 times the tar, 25, 26 20 times the carcinogenic polycyclic aromatic hydrocarbons, 27 10 times the carbon monoxide, 25, 26 and 2 times the nicotine 25, 26 of a single cigarette. Similarly, cigar and little cigar (cigarillo) use are increasing in this population, and cigar use only partially overlaps with cigarette use. 28, 29 Social marketing, a framework for the development of public health interventions, applies the principles of commercial marketing to promote healthier behaviors, such as avoidance of substance abuse. This framework states that, in order for interventions to be maximally effective, it is important to carefully tailor to "target markets" for intervention according to sociodemographic, personal, and environmental characteristics. [30] [31] [32] [33] For example, tobacco industry documents describe the use of segmentation of the US population into specific subgroups for whom different, successful products were developed. [34] [35] [36] In order to optimally develop and target public health-related campaigns to reduce substance use, it is similarly important to segment populations Tobacco, Marijuana, and Alcohol Use in University Students by substance use behaviors and then carefully describe the sociodemographic, personal, and environmental characteristics of each "market." A specific statistical technique called cluster analysis is one method, commonly used by commercial marketers, to reliably divide a large group of observations into subsets according to selected characteristics. [37] [38] [39] Cluster analyses have been used by public health researchers and practitioners to inform interventions related to behaviors such as exercise, diet, and social involvement. [40] [41] [42] However, to our knowledge, these techniques have not been recently used to segment college populations according to current risk behaviors related to substance use.
This study had 2 primary purposes. First, we aimed to utilize the systematic method of cluster analysis in order to group individuals in a large, national sample of college students according to profiles based on substance use behavior. Second, we aimed to compare the individual and institutional makeup of these groups.
METHODS

Participants and Procedures
Each year, the National College Health Assessment (NCHA) of the American College Health Association (ACHA) assesses a wide variety of content areas, including substance use, in over 100,000 university students. 43 The NCHA is considered to be a reliable and valid assessment of college student health perceptions and behaviors, and its data have been examined frequently in peer-reviewed journal articles. 21, 44, 45 In 2008, the NCHA became the first large survey to assess hookah tobacco smoking along with cigarette, cigar, marijuana, and alcohol use. Here, we report the results of our secondary analysis of data derived during fall 2008 and spring 2009, the first full school year in which hookah use was assessed.
Approximately 150 institutions administer the NCHA to their students annually. All responses are confidential. Each institution is responsible for securing human subjects approval. Our analysis of the ACHA data for this purpose was approved by the University of Pittsburgh's Institutional Review Board.
The survey was administered in 2 forms. 43 A paper form was administered to students in randomly selected classrooms, and a Web-based form was sent via an e-mail invitation to a random sample of students identified by their institution. The e-mail invitation included an embedded unique respondent identification number, which allowed the ACHA to prevent duplicate responses from the same student or students outside the random sample. The paper-based survey accounted for about 20% of respondents and had a mean response rate of approximately 90%. Although the Webbased survey accounted for about 80% of respondents, it had a mean response rate of only about 22%. Despite its lower response rate, the Web-based survey is favored by institutions because it is less labor-intensive to administer and its results are virtually identical to those of the paper-based survey. 46 Participating institutions typically encourage survey completion by providing a small incentive to students or having a random drawing for a larger prize. Web-based surveys were generally administered over a period of 2 to 4 weeks, and nonresponders were periodically sent reminders.
Measures
Smoking Behavior
The survey assessed cigarette, hookah, cigar, and marijuana use with similarly worded items assessing frequency of use over the past 30 days. The response options for each substance were (a) never used; (b) have used, but not in the past 30 days; (c) 1-2 days; (d) 3-5 days; (e) 6-9 days; (f) 10-19 days; (g) 20-29 days; and (h) all 30 days. 43 The question related to cigar smoking specifically included "little cigars," which are commonly used in the young adult population. 47 For each of these substance use types, we grouped response options c through h into the category called "current use" (at least 1 day over the past month) which is considered the gold standard of substance use behavior in this population.
48
Alcohol Bingeing
We selected our measure of alcohol use to be bingeing, defined as having consumed ≥ 4 drinks in a single sitting for females-and ≥ 5 for males-in the past 30 days. 45, 49, 50 We selected this outcome instead of ever use or current use because bingeing is more clinically relevant. 45, 49, 50 
Individual Variables
To assess individual characteristics associated with substance use profiles, we used sociodemographic and other survey data routinely collected from students on the NCHA. These data included age, gender, sexual orientation, year in school, race/ethnicity, full-time (vs part-time) status, international status, relationship status, living arrangement, fraternity/sorority membership, and self-reported estimated current grade point average.
Institutional Variables
A representative from each institution participating in the NCHA is required to complete a survey describing a variety of institutional characteristics. Measures from this survey that were relevant for our study were geographic region, population of the campus locale, institution type (public vs private), religious affiliation, status as a 2-year (vs 4-year) institution, and size of student population.
Analyses
We used the Two-Step algorithm within SPSS to partition the sample. 51, 52 This algorithm, which has been available in SPSS versions 11.5 (SPSS, Chicago, Illinois) and above, was specifically developed to correct methodological limitations of 2 prior algorithms: k-means clustering and hierarchical agglomerative techniques. 52 It was also designed to accommodate particularly large data sets. 52 We partitioned the sample based on 5 dichotomous variables representing Primack et al each of the behaviors of interest in the past 30 days: smoking of cigarettes, hookah, cigars, and marijuana, and alcohol bingeing. The algorithm utilizes a log-likelihood distance measure. 51, 52 In order to determine the optimal number of clusters, we used the Two-Step algorithm's automatic clustering function. Output associated with the algorithm provides Schwarz's Bayesian criterion (BIC) for each potential number of clusters, the change in BIC from the prior to the current number of clusters, the ratio of BIC changes, and the subsequent ratio of those distance measures. The optimal number of clusters is usually associated with the largest ratio of distance measures. 51, 52 In this case, the largest ratio of distance measures was associated with a 2-cluster solution only separating everusers of any substance from nonusers ( Table 1) . Because this solution did not help achieve the study goal of partitioning the sample according to various types of substance use, we selected the 6-cluster solution, which was associated with the second-largest ratio of distance measures (Table 1) . We verified the face validity of the 6-cluster solution by computing proportions of dependent variables in each cluster. Each cluster contained at least 1 100% or 0% figure, suggesting good face validity.
To assess bivariable associations between cluster membership and individual and institutional characteristics, we used 2-way chi-square tests. We also computed Cramer's V for these analyses in order to examine effect sizes. We then used multinomial logistic regression in order to determine independent associations between descriptive variables and cluster membership. These analyses estimate a clustered robust standard error and included all descriptive variables as covariates. Multinomial logistic regression models were per- formed using Stata 11.1 statistical software (Stata, College Station, Texas), and 2-tailed p values of < .05 were considered to be significant.
RESULTS
Participants
Our sample consisted of the 111,245 individuals from 158 institutions who had complete data for each of the 5 dichotomous outcomes of interest. In this sample, the mean age was 22 years (SD = 6), and the majority of respondents were female (66%), white (71%), full-time (93%), and noninternational (91%). Most of them attended public (62%), nonreligious (84%) institutions. A minority attended universities outside the United States (5%), with the remainder roughly equally representing the midwestern, northeastern, southern, and western regions of the United States.
Description of Clusters
Cluster analysis yielded a 6-cluster solution ( Table 2) . Each cluster had at least 1 substance for which either 0% or 100% of the group had used within the past 30 days. However, for most clusters, individuals had used a variety of substances in various proportions. The largest cluster we labeled Global Abstainers, because none of them reported any of the 5 behaviors of interest over the past 30 days. This represented more than half of the sample (n = 59,041; 54%). The second-largest cluster we labeled Drinkers Who Reject All Smoking. It consisted of the 18,718 (17%) individuals who had binged on alcohol in the past 30 days but had not smoked any substance. All individuals in the third-largest cluster, Marijuana Users, Will Smoke Cigarettes and Drink, had smoked marijuana. Although none of these 10,135 individuals (9%) had smoked hookah tobacco or cigars, 38% and 69% had smoked cigarettes or binged on alcohol, respectively. All 7,945 (7%) members of the next-largest cluster, Prefer Cigars, but Will Use Other Substances Too, had smoked cigars in the past 30 days, and subsets of this group ranging in size from 36% to 70% had used each of the other substances. The 7,561 (7%) Cigarette Purists, but Will Drink had all smoked cigarettes. Just over half (54%) of these individuals had binged on alcohol, yet none of them smoked any other substance. Finally, Drawn to Hookah, Dislike Cigars was the smallest cluster, consisting of 6,015 (6%) from the sample. All of these individuals had smoked hookah tobacco in the past 30 days and none had smoked cigars. However, cigarette, marijuana, and binge alcohol use were reported among 39%, 43%, and 62% of them, respectively.
Comparison With the Complete Sample of College
Students Compared with those in the complete sample, Global Abstainers had a higher percentage that was female (72% vs 66%). They also had a higher percentage that were first year undergraduates (26% vs 25%), Asian (13% vs 10%), international students (10% vs 9%), and those who were married (11% vs 8%). Compared with those in the complete sample, they had a lower percentage who were white (66% vs 71%) or members of fraternities/sororities (7% vs 9%). In addition, compared with the complete sample, Global Abstainers had a higher percentage who estimated their grade point average as "A" (43% vs 38%). The institutional demographics of Global Abstainers were not substantially different from those of the complete sample (Table 3) . Drawn to Hookah, Dislike Cigars was the youngest cluster. Whereas 81% of the Drawn to Hookah, Dislike Cigars cluster was aged 21 and under, this was only true for 66% of the complete sample. The Drawn to Hookah, Dislike Cigars cluster also had a lower percentage of students who were graduate or professional (6% vs 15%), black (2% vs 5%), part-time (3% vs 7%), or married (2% vs 8%). Compared with the whole sample, they had more involvement in fraternities/sororities and poorer grades (Table 3 ). In addition, a higher percentage of these students were first year undergraduates (29% vs 25%) and attended institutions located in the West (24% vs 19%).
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The Marijuana Users, Will Smoke Cigarettes and Drink cluster had a higher percentage of white (78% vs 71%) and bisexual (5% vs 3%) students compared with the complete sample. In addition, this cluster had a lower percentage of international (6% vs 9%), married (4% vs 8%), or "A" students (31% vs 43%). Compared with the complete sample, a higher percentage of students within this cluster attended institutions from the Northeast (33% vs 29%) ( Table 3) .
Cigarette Purists, but Some Drink were the oldest group, with a higher percentage of students aged 22 and older (53% vs 36%) as well as a higher percentage of graduate and professional students (19% vs 15%) compared with the complete sample. Additionally, this cluster had a greater percentage of students who were female (68% vs 66%) and /or part-time (11% vs 7%) students. They were also more likely to be married or cohabitating (11% vs 8%) off campus (65% vs 49%). Interestingly, they had poorer self-reported grades than the sample as a whole (Table 3 ). In addition, there were a greater percentage of students from this cluster in the Midwest (29% vs 23%) and a smaller percentage in the West (15% vs 19%).
Compared with those in the complete sample, Drinkers Who Reject All Smoking were more commonly aged 21 (21% vs 15%) or 22-25 (23% vs 20%). They were more frequently male (39% vs 34%), white (80% vs 71%), or fraternity/sorority members (14% vs 9%). In addition, there was a smaller percentage of these students who were Asian (7% vs 10%) or married (5% vs 8%). Compared with the complete sample, these individuals were more frequently from the Midwest (29% vs 23%) and less frequently from the West (15% vs 19%).
Prefer Cigars, but Will Use Other Substances Too were substantially male (61% vs 34%) when compared with the overall sample. This cluster also had a smaller percentage of graduate or professional students (5% vs 15%), Asians (5% vs 10%), international students (6% vs 9%), or married/partnered students (3% vs 8%). Compared to the complete sample, however, there was a greater percentage of these students who were first and second year undergraduates (31% vs 25% and 23% vs 20%, respectively), living in a campus residence hall (44% vs 39%) or a fraternity/sorority house (3% vs 1%), reporting grades "C" or below (20% vs 15%), or attending institutions in the South (27% vs 23%).
Bivariable Associations of Cluster Membership With
Individual and Institutional Variables Two-way chi-square analyses conducted for each of the 11 individual variables as well as for the 6 institutional yielded significant results (p < .001) for all variables, suggesting a significant relationship between each variable and cluster membership. However, due to the large size of the data set, Cramer's V tests were also conducted to assess the magnitude, producing small effect sizes for only 3 personal factors: gender (V = 0.182); year in school (V = 0.121); and fraternity/sorority membership (V = 0.104). Among the 6 clusters, the group with the highest percentage of males was Prefer Cigars, but Will Use Other Substances Too (61%) and the group with the highest percentage of females was the Global Abstainers (72%). Prefer Cigars, But Will Use Other Substances Too also had the highest percentage of first year undergraduate students (31%), whereas the Cigarette Purists, but Some Drink group had the highest percentage of graduate or professional students (19%). The Drinkers Who Reject All Smoking cluster had the highest percentage of fraternity/sorority members (14%), whereas the Global Ab- The total number of institutions was 158.
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Tobacco, Marijuana, and Alcohol Use in University Students stainers had the highest percentage of non-fraternity/sorority members (94%). All other variables, both personal and institutional, had negligible effect sizes, and thus little practical significance (Tables 3 and 4) .
Multivariable Associations of Cluster Membership With Individual and Institutional Variables
Multinomial logistic regression analyses were conducted using Global Abstainers as the reference group (Table 5) . Most variables were associated with increased odds of membership to the other 5 substance use clusters. Males, members of a fraternity/sorority, individuals residing in fraternity/sorority housing, and those who estimated their grade point average below an "A" were at a greatest risk compared with their counterparts. Compared with females, males had an odds ratio of 4.19 (95% confidence interval [CI; 3.37, 4.43]) to be in the Prefer Cigars cluster compared with the Global Abstainers cluster. Compared with nonmembers, members of a fraternity/sorority had 1.41 to 1.91 times the odds of being in the various substance-using clusters. There were also several variables that showed decreased odds of cluster membership. In particular, minorities, married/partnered and cohabitating individuals, and students residing in a parent's home showed decreased risk of membership to the other 5 clusters and were more likely to abstain than their counterparts. 
COMMENT
This analysis of a large group of university students found that about half can be grouped into 1 large cluster, none of whom had any of our substance use outcomes of interest in the past 30 days. It found that the remaining individuals can be divided into smaller clusters, each of which was characterized by various patterns of substance use. Although 3 personal factors (gender, year in school, and fraternity/sorority membership) were associated with cluster membership in small effect sizes, the remaining individual factors and the institutional factors were found to have little to no practical significance when examining the demographics of cluster membership.
Our results were consistent with others who have found that many of these risk behaviors cluster together [1] [2] [3] 53 in that the clustering algorithm first separated those with any substance use from those with none. However, ultimately the algorithm revealed a number of clusters of individuals who exhibited specific risk behavior profiles. For example, Cigarette Purists, but Some Drink had all smoked cigarettes in the past 30 days, but none of them had used marijuana, hookah, and cigars. However, half (54%) of them had participated in binge drinking. This suggests that students belonging to this cluster might not only benefit from education and intervention focused on cigarette smoking, but may also benefit from simultaneous alcohol-related materials. Similar prevention and intervention efforts might be aimed at the Prefer Cigars, but Will Use Other Substances Too, of whom 100% smoked cigars within the past 30 days, but also 70% who had binged on alcohol, 44% who had used marijuana, and 91% who had used 1 of the other forms of tobacco (ie, hookah and cigarettes).
It is interesting to note that more than half of the sample fell into the Global Abstainers category. Although popular press can emphasize the relative universality of substance use among college students, the Global Abstainers category was by far the largest cluster obtained. Consistent with prior research, membership in this cluster was associated with female gender, But also containing higher percentages of Asian students and students with better grades compared with the general student population. 1, 15, 28, 48, 50 Findings regarding the Drawn to Hookah, Dislike Cigars cluster may help guide development of interventions to curb this emerging form of substance use. Knowing that this cluster had higher percentages of young, white, male, single individuals compared with the student population as a whole may help target educational materials so they will reach those at most risk. Fraternity/sorority members may also be valuable to target. However, it is important to note that these are only tendencies and that many members of other sociodemographic groups also use hookah tobacco. Ultimately, comprehensive intervention will require a multifaceted approach aimed at reaching a large variety of individuals.
It is interesting that, among the many institutional variables, none was consistently associated with cluster membership. For example, although we found that individuals in the western United States seemed less involved with more established forms of substance use (Cigarette Purists, but Some Drink and Drinkers Who Reject All Smoking) but more likely to embrace the new phenomenon of hookah tobacco smoking, association between cluster membership and geographic region was weak, with a Cramer's V of 0.055. It presents a challenge for public health practitioners to reach individuals in various cities and types of institutions.
An important practical implication of this work is that there may be utility in pretesting college students and using this information to appropriately target substance use interventions. For example, using computer-based technology, practitioners could first obtain substance use patterns from college students and then select an appropriately tailored intervention. Global Abstainers, for example, may most appropriately receive education on helping substance-using friends, whereas Cigarette Purists would receive education focusing on cigarette and alcohol use, with less emphasis on hookah and marijuana. Similarly, assignment to a particular cluster pattern may help hone stylistic elements of the 
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intervention based on sociodemographic factors such as gender, age, and marital status. For example, because compared with Global Abstainers those assigned to the Prefer Cigars, But Will Use Other Substances Too cluster are commonly male, this intervention may include font and color schemes found to be appealing to males. Enthusiasm for this approach should be tempered, however, by the fact that associations between sociodemographic factors and cluster membership were relatively weak.
Limitations Our analysis has several limitations that deserve mention. First, although the study sample was national and large, it was not necessarily nationally representative, because schools self-select to participate. Second, the overall response rate for the Web-based form of the survey was only about 1 in 5. However, this is a standard response rate for e-mail surveys, [54] [55] [56] prior studies have shown that ACHA data tend to match nationally representative data, 57 and our Web-based results were similar to those of paper results, which had nearly 80% response rates. Third, the ACHA survey relied on self-report of substance use and sociodemographic factors. Because the survey was confidential, however, students would have had little reason to be dishonest. Fourth, it should be emphasized that the cross-sectional nature of these data limits our ability to make causal inferences. For example, we found that, compared with the total college population, a higher number of traditional smokers live off campus. Although this may indicate that cigarette smokers are more likely to seek out off-campus housing, it may also indicate that individuals who live off campus are subsequently exposed to environmental cues and opportunities that lead to increased cigarette smoking. Finally, the sample analyzed for this study was large, thus resulting in many statistically significant relationships when analyzing the personal and institutional factors associated with cluster membership. However, for this reason we examined the practical significance of the findings using an established measure of effect size.
Conclusions
In conclusion, this study found that half of a large sample of university students had not smoked tobacco or marijuana or engaged in binge drinking in the past 30 days. Furthermore, the remaining students were reliably clustered into groups based on specific risk-behavior patterns. Although gender, year in school, and fraternity/sorority membership varied with cluster membership, the other individual and institutional factors had less practical significance. These findings may help inform various substance abuse prevention and treatment programs targeting particular health behaviors.
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